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··on >such g.irders, and ·the only source of_ information: on 1-at.eral -web 
.. 
. -._de·fl·ections of the·se _girders that can .be utilized for a study o·f the 
- . :.- .. 
· web·.·Jiending str~sses a.re the_ two full-sc.ale. unsymmetric·al plate g·ird·e'r. ·_-. . . . 
. ' 
':-Jipe·c.imens te·s.ted __ -un·de.r static loading andd:escr-ibed· in Ref. 6 •. --,Th_e:·~. · . . . . 
- . . 
. 
·.: f.,. 
---~ ·-------.. ~-- ---~·-----~--~--- -·.: ~ . ----,-. , ...... '._. ·------~ ..... --.-.... - .. -,...... -~-. . ~·~ _,. --~~~-·· .. -~~-:--:.-~~~·---·- : ------L- -~----·, ... ----,,..,...~·-· __ ::::::_:::__--;---'"'~--.. --~-----~~·-·-------- - - -r,.-• - _________ ,,,_ __________ ,, _____ • -• • ; __ • Q 
.. --- --- -
... purpose _of. the study described ~ere ·was to: investigate. the· devel,opment.. · · . -- . . 




.· · o·f these stre:sses and ·to evalua-te the-ir significance <>n ·the. ba·sis of · 
· ... · the . approximate S-N i:elationship for symmetrical girders mentioned 
•abQv:e (i-,3) ~ - __ .. , ~ ... --· ··-··· -.... -·· _ .. _:~-·. . _,·_ --· . . . ...) . .. ·: . -.-· ·' · . 
. - . '. ... ~ . 
i •• • I. 
. ·.·· ;' .·\.' 
. ·< 'More refined methods than ·previously publi'iiheff(l) bf · .•. •• <. ;< 
. _:_i • .· :_.·_ ·.-~·. ·. • /i. =--- ~ 7 . c~b:tl1.-af'tng ~eb -. bending , s ttefii~i it st rf feti~i'X (ti-"~n~ ~~r s~-=~ nd . · .· . ... . ''+ . · · · , . ·. ·· .·.. . . - ... · ···- · ... 
····--":----·-· ·-· . 
--.-._-- •. -. ____ ·. b:or:izont,al). and'-~at !lange:s were developed· and are presente·d her·e. ··· -·------ --~-- -
•• i .· 
• ' •· I ' 
. \ . . -----:;-:::c:;:c:.::;;c.-;c:.c.:;;.'-;:c~;,;;;=2"=sc,-~'?~:"'"~:.-:•,.-;,c;:'c"'i·'' ... ', .... :,,., ... ., ,.,.-.... ,,_._,,, __ '. -,... . ---.. 
~,.~;i,-'~~~~·~:.c:=c~-· -~---. -.--· · -' _·_._:_~~,.-~--~ : ~-~~: •. ~=-~~~In_~~he __ :c_ou_rse __ :_of ·_ ~-th is_: -·- s :~~dY~-i~~. : he~:~UJ.e_~_=appa~r ei1_f:~::-tnift::-.mo~e; ~'. ~'-~-==~~-- -~--- _j____; __ ----- =~ _ _;_ --~= • ,. . • •· 1 · : ' • ·, 
- -
. . • ·• • • 
• . 
. ··- -.--
-~I~. , . 
, exte·nsi'7e-----s-ta-t-ic_ tes·t deflect,ion measurentents of -the girO·e,r··w.eli, tha;n."_ .· 
.. . . 
. . . '. . . . ""' . . ' . 
. . . . .. . . . 
- .. 
. . . 
;_ • • ::. • 
• • • • • • • • . ,. - . . . . . ' - ' j • • . . . - ' •• , - • . • - •• - • - ..... - • -· .•• - • - • -·· • • 
.: . • ·- • • - • • •• 
• --· -- ~ .. - .• 









. . . ~r . 
i: ... 
. ' . 
. .. 
-' . . : •..... · .. , . 
- .-;. 
.. 
•' . . . . ' 
. . . . . ~~~ ·-;:-~"'·~~-.~~:"..:.~~7~~-·0-~:;-:,",.:-...-- . .-.;;r;;..;;;;,,-:~,.-':"""--.. - _ _ -. -----. ~-~~~-~~--:.--,----~-··--------·---- --- -·'. . .. --- -------··---·-~----·-~-.:-··--·-- .. 
. . -:; .. 
.. .. :: ... ,.;;:;· 
• 1i•!......-. 
-. 
. .- ·.·· ·--;--




-- -- - ----~-,:-:,----- -z ·.··_.· .-.. .... . -_· .' .- "·, .-
. ' . 
,---------.,..,,..~~ - ~--,,--~;:,i~.,;.. ,,,.,,;.,,1;~, .... ~ .. ~----... --.---···--- ,.·-···--·-- . 0--~---·---·"···-.. "- -. ., .. -•' . -··' .. -···. -~ .. --·-- ···- ~·-·· ·--····---.. ··--~· .... ---~---- --
• 
. . 
. ' ·/: . 
··-' ','' --~-J 
. '.! 
····-~----·····-··----'.. ________ c_~---·-~~-·.·. --~------study. -as,_-important-· -in· tQ~···· ~-cjrre·la··e1·otr-of -~stati·c·· ··1:·est•··a~·ta with: the ; . : -~- ---· __ ,-: __ ;"':_-_. ___ ... _· ____ ·.· __ -___ ···l-.~-- . : .- . ... . . ' ·. . ---·------·-··-·-----····:·· -----·· 
_._ ------~--~-~~- -· -----~-~---·--·-··-·-·-··----···---~~--'._ ........ ------·-·- . .. ......... _.- '.. . . - ti :· .,,, 
~h . 
· fatigue stre.ngth is· the .necessity of taking· d·eflection measurement1s 
' . 
-!· 





... not only during: loading to the ultimate load .and unloadiilg,. bu.t -also. ti 
t 
. . . . . . .. . . .·. . . . T 
--- .......... ··-· ---------
: ..... ..:. ____ --··--·,· .. .· ... : .· . ·. · _,, · .. ··. · n .I• . ---------·· --- --· --
·' · .. 
. ' ; .:.. ~.- . 
.· •' .. 
---·· ·.·· -d1.ir:ing a reloading cycle',. and, _if reload!.ng~ ~as not or~ginally . . . 







·r- . ·1. ... 
. ~ .. J.:. 
. . ; . T~e po_int~ ·of the S-N curve· of· Ref.· ·l were re·c·alctila_ted, ·. ·· 
~ ..... _:. .,.- ... -~.;.!.. ... - •.. _,._ .. _, __ ·- --.,_···, .. .· ---- --- .. - - . '"' -··-- -· , .. 
- ~.--;··-- -.-·'-·· 
. us:ing . th_e · new method. . Two data points . were added in order to es.;.. 
tablish a better defined band (fig. 2) (;i). Based Ori this improved 
r .. .· . . . . . ,·. . .* 
. l9,d ·ra11g~, · was .·influe.nced_b;y -its··~aximµµi .~a~.t .• :t.9c1d .OvlltL). ; _es- . 













' .· '•. - ~ . 
. : -~-:· .. ~:~~-~-"-·"·.:..:, ..:::.::-{ 
.. -., 




.. - -.of ;the·- web pla-_te. · The effect of MPL_ is ·explained and a recommendation 
. ' . ~ ...... 
. . 
. -,--
. _-~egarding·.1.ts use·•-is- made. 
. . ' 
.. ·. -· 
~:::- : _'.: _c__ · - - . - ~- -: - :,-:;:~=--c ,:, ~== =fr~i~:-t-11;=-av~ 1[ab re 1 nf o rina tion / a ~~l'lt a ti ve- Cr i t~ri~.; · for - . ---- ... -_ -___ · .. - __ . 
• 
-
••• > • 
-.-
,• • ' 






:the_ limiting· slenderne·s.s of the web of ·unsymmetrical -plate. g-ird~.!_~_ 
•• 
=:::=:·· .. ·-.~ :~:-"''.·~-.-:::·~-~~--,·-.< ..• -~·-·::1:~~~--~i!~p~~endedo ·. ··this. is - tfie .me4i.fiec:L=slender:ne-ss·_·rat:i~~-defined. by···_ .. 
'. ~;~=: .. ~~=--~- .'.;_·:~~ . ~-= . :.c .. ~:~-~--=--:::-~~----~:~. ·-=·=-~~i~~~~: .. -;:-:·~-~~----.:·-~ :_:.~ .. -.:~--~--~--····· .:._.:__·· ·. -~~-----~---:·cc_a ....... :.:~c ... , __ .:::-... :.:~-- ... · ~- . :_, _ _._.__;_~·· ....•. :: _______ :_ ___ ~~C---- :·-·:·:: .• ,;~--~· .... : .. •.··---~::~;-.-=~~-~,~=-:·'":~~-- ~'.- ·:~~:~ .. -.: .. 
· .. ·· ·_· .. · .•.. : ·· .· · · ·.· .·· ::~u- = · h · _·o- __ Where y . 1·s -the portion ___ 9f the---web-:-u11det co~p_ression and·· _.:.. .. · ..... ·:.~ .. -.. · .. ··· 
. . ..... .. c... . ·····-·-············· ... .. . . . . . . . . . ·. . 
... .... l 
. . . . . 
. 
·--·- ······. --· -··- ~ i_~ .tlt~ thickness of. the web. Th~ mJmerical limiting v:alues o.f au > 
.. _.a·re -given ·as a function· of ·the· yield ·stress_ of the web • 
. . 
- . . . .._ 
- ' 
. 11.· 
. . I . 
. - -· - , . * . . . .· .· ·. . . . . . . . . . 
·· .. ;.;.;' 
-·~~-.~~uJ~1.· P,~.~-~--~oad" .. ~L) ··of a panel re.f~r~.- to_.th.~_.tiigh~st· .. l.aa~ .~o, .· •· 
-~h'i:c·h. i:he ·pane~ has been subjected in· the:.past •. · · · · · · · 
• 
. . ·:~. 
-X- .· ·, 
. . ,. " - ' . , 
.·'._.(' . 
·-··,-.--1 ..... 
·• ,, .t··· ., \ -· 
... 
-- ~ . 
.. _.:-_ 
·~ 
-- ·---------·· .--~·- - .. --- ---~ - -· . ' 
.• 
___ :_ __ -- -------~---'- .• -- : ·-- ----:- '----- . ___ ; _-i,----
---,-,-,-~--- '-------- ---~------ --
~-. 
·--7-•-·---:.. __ ___:_· ____ -·-· ---. "":---:'""':""-
". 
.. , 
.. -· ' - -
·--------·--'---------~---:-:·"--"'.'.--
_,. 




.-- ---.- - - --- --'---,,----'"---:•·-c··-~----:---·.-------










. .... : ;fi 
·, 




are made for -.fur tlie-~research 
• 
i 






-- 1 --1~ 
.. ,.---.~ 













.. ·. .·, . .·, .. ~ . ' ..... -·--_-_'""'°""""·"""'·=~~-~----.• _._~~~-_\ __ ;.,,. ~-::,~------.:...;_.· _____ ~.---.. -~.-:-.:.· .. ·.-··,-_ 
- . -.. . -··-"·'"-~·"···-·-~--,"~'."~-~-'::..___.._~~-.,~·='='~00 sec - . '~-,---··. -- --- _: .. __ . ___ ,,.-,.,..,.""'.~·:-"'"'·.;"."'<""""·'"r..-.:c<..--=.-""""7,:.'~,..~----~-,:: .. - - ·.· ":.~ ··,, . , - ;. -:-;----··; 
lJ 
':-~-
-----., -··- ·.· ~-----_ -......;. . . . ' . .~. --:--:-:-· .. 
,;-·· -
,: ______ .,:_· ___ _ 
=====::;,.:=.:=-==;:=:s=:::::=:·=·-=-=~=-=-=---= -c-:-·==··--=--'·_-.-------..-----,-·-~----__ .:..·-----~-------·-~----- :..::_-::-_:: . .-:.-::-::-:_ 
. -•,-"··-·---' ' 
















. - --.~----...::-· ·--·:- -- ~ . ..:. .. ·;··: -
: 2-. METHOD OF ANALYSIS- . 
--~ - ____ ___. ._• -- - --~- - -- -- ., •... ---- -
----··----·------·"·-----·-· -----·--·--------·----~~------· . -: ' ,., . ~~-"-• . _:__;_-_~-,_~--,:.-i--: :_.=:...:.:...~...:..-. --
- . . ..,.__ . . ·------'------'--------..,,· 
--- . 
· 2:~.1 · Plate. Bending Stresses 
i. 
I .• ·: I__ <. I . 
U,pon .. the application -of· l·oad· to pl:ate· .girder, plate b.endtng . 
-~-
I 
--~---· , .. _· • ~ ; \'·' • .,. __ ; " :. vii-. . 
. ·- ,(· ,· . 
·· -~~: stre.s~e,s_,· caused by a change in the initial de·ftection pattern, are ~\ /' 
'induc~d in ·the web. · For- loa_ds -smaller than· the buck~ing value~ the· -
· .· change in deflection pattern .is of relatively little significance. · ·:·~· 
· · ···However., for 1·o~ds stil>stantially greater .than the buc,k-ling valu_e; · 
. -. 1 ·, ·, • -
. _·_,_:. : .. : ... , .. ,·:_ .. _, ____ ,, .. .- __ c,.:.:.·~~_, :_ the chang~ in deflection pat terii _be_c~mes quite prc,nounced. . This 
·-. 
ch.ange i.n .defo.rmation pattern :r~s~1ts · in plat.e bending stres~_es which .. • . :· ' • • l_ • • • - '":::'., • • • :I 
" ! '.~ .. ~· -
. · I - . 





·restr~'tns· the plate from rotation.. It has been shown. that primarily·- -
. . . 
. 
. . ·' -· 
; '·the; web ·plate' bending stresses . are.· r.es'ponsib'le ·.for the. fatig'1e crack_ . . ;.. . . . .l . . 
. 
> - ! development (l) • ' Thus, it becomes necessary to determine the magnitude 
. :r·.· · .. 
~= - ·-'.:· . --- : ., ~,·-·''. 
r -. 
_ .-In the following sections,. a methoc;l: of analysis for. b~nqi.:n.g m--··· 
s-t;res:·ses at · stiffeners -and_' ·flanges is presented._ · This method is·.. . -. · 
,. 





-=:~ ·. , - ·~ _ :' ~=~•-·-.-~. ~=;,_ -· •. ·-· :C~~e:!~f~~'.~~ /?~ =~~l)tl=t_i~~;_:~e~ S~S~-41Jay~1!~~~tl~~l°t~_eti in--~· ~---- -- -===! 






. -· -·--- .-
---------.------- -
.. _ '-------------------~-.---- .... ----::;;··.-----. 
~·-·c-·-~· . 
• 1 ~- . . . 
., ·. ______ ._ .. ·- -'-.--·-····--·· ,.--.· 
, • ···.· •. ·c: •.. • ;=:,. ··' ~.,~,, ... , :~ ::·:;1) DefleC tf oii Of. t:lie-p1ate:''f~ gelle~aliz;d·· in the .. .... - · : __ _,_ ___ ~c; ---~-=~--: _ , ---------------
. -
' 
. • . ! 




-· -__ _:_ -- . 
- . --_-:_~_-__:.__~_ . . .---_-···_ . -. -.-.. ·, __ ,_-.·.· ... ·. · ..... ·,._ -.··.·.·· .. -. --.---.· .-~-..,,--__ ·:_·-~--;;~_:_~;-~.,,~~-;~="--~---~~ ;_;-··-:--~~' ='·' ._ •.. ,. ·-·-·· -• - ··-··-·-· ------------
•t, .' 
. 
-, • • 
_ ... __ • • ..._ :, --~----~-,-:~-----.. _-_,,,_ ___ --- -'·· _; __ _:.._ __ .: ____ ·--:-------',-,--__:~---- --_-::-::_-:-.:_;--::==-:~.~.,__-:-~-=:; ~~-- ·-=_:___ ---
. 
• - .. () 
. 




.--::-~~· -·-- ____ · :-"';·~_-··. 
. c:~ ,polynom·ial~ passing through. the' measur_ed· de- .. ·. ~ 
. . 
i .. 
: .. :·f,l·ection points.-·· 
• 
. '"!">:·-
. :~~ . '· . ,, 
. . . ' . \ . 
. . . ;---..: .•.. -.. . 
+:.,,.--r 
. - / 
. _· ; .. · 
. . ·- ... -... 
-; . 
. .-..... 
. ·"'~. . . 
-~- .. 
.. 
.. - -·~ ~~-= _-_ .. _. .... _ . -- . ·--.. ~- . 
¥ __ ..., --,-,.f~ u_ ... _u_. ~ ~ _ 
• • I 
" - ,'. ' 
- -- -- --------
- ---- ~~ - -
·v 2) Boundary conditions controlled by . the elastic 
'· 
•• 
• • •. ' ' 
___ •• ._!:_ ~--
----~ ----c .:._ .:__,_. _______________________ --~----·--- ---- - ----~ ------·-----· ----...--c------~-'----'-~-.•· · -~:·~._-~-"-~-------pr-opert~i-es ____ of. the stiffener or flang~ are im-
······1 
posed to solve for the unknown coefficie-nts. · 
· -~,_< ·.3) · ·The polyn,omials, with now known- ccief{i.cients,. 




. h . 
,' ,' -·-· .... _·· . .:.;.--:- . ....:.--_-. ~-·-::_--:.---
~ . 
.. · t' ; . 
-
. . 
- .. . '.: 
_._" . 





. J . -·· . ~ ... ·-
.. - ' 2.-2 Weir-Deflections and· St.resses· Along S,ttffeners -
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:Nexst_.:, ·the equ:il'ibrium. · equation. for. the stif_fe·ner·--~o._..;.wl;!b · . 
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- Neglecting the- effect of 'the ·port~on of. the web inclosed by the weld 
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.·_ stif:fener., __ M. ,. has been shown to be negligible for points· close .to 
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. and_ m columns of mE:.~~~~~d po~nts on the left and on the right sides 
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· and solid :dots; respe'cti·v·ely., - For botp. girders, tl:le_ gheoretical and_-· -, 
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~ .. :· - ',\'experimental ·results can be s.~en to corref·late wel.1 ~ . ,_-., -?>n~ ...... 
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To· checJt the assumption of fixed boundary ·at the stiffeners, 
----tlie···:bendingstress distribution along .the stiffeners w.ith deflection 











cantilever~ _-_ A graphical · representation of -this_ model is shown in. -.... : .. ::: -- -~7:;;_, __ :.e-,.:, 
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Fig. 7 where:· three, measured _point~ are used to define the -deflected ~_ -· - -
. : _:_.sb·a_p_e. :of ·the web. · ·Here ag_ain, because the. :stiffener together __ with -
the p~rtion -·of the j.,gb enclosed by the :,stiffene-t a·nd ti,te .welds ha-s- -... 
, : · ~much higher rigidity ·relll~ive _to .the web, the ,point of fixity was · 
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** This -accuracy may· haye been good only -becaus.e the -stiffener·s o_f-· 
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~---;~~ --~Qmpen..s.ate __ ,Jf.or---the--ove-res.timate·, another model was se- · 
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··.·.· gave -a closer estimate· of .. th_e maximum b_e_nding stress to that· computed< 







. 1 _ Based on the above find-ings,. B.C-.2 (fixity ·at the face of • 
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in Fig. 9 where B.C.2 giyes- substantia·lty higher: values in the region._ 
· '.of · max~mum ,~end;_fng _ stre sseS · than . the · gene·ral method. - The_r'efo·re, t.he · 
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-_- up· on __-__ -d·etermina_ tion -of the ttnknown. const·ants · ~ .. -, -th:e .:bending stre:sses 
.... · . . . . . _J1 ) 
' - :.i 
w.ere .computed -from· Eq-. _ (2 .15) with- x. -~ -e. -
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For -bending -stresses a-lo~g . the 'flanges,· ·_a· sitri-il:ar cs-ttidy: to 
tha~ descr-ibed in Section 3.1 was ·carried out. The results were, in. 
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general, the· same ·as -found for t~e sti-f_feners, that is, B.C.1 arid·· 
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- -· in the region of maximum ~bending_· stress·· tJ.:i:an· -the· general_ method'.:< -A-. 
~ cbmparison of -the· bending · stress _:distr,i:':>u; iq._ns using· the gen.etal method·, . _ --
-B/c:1, and.B-.C.2 is made ~n Fig.-·~11 for a typ,ica_l fla:nge. ·For· the_. 
· sake of si~plicity, B.C.-·2- was _selecte-d .. for bending·: st~ess computations;,_ 
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caused by the change -in defonnat-ion pattern which is not direc-tly 




-· - ·proportional to the -1oa.ding ra-nge; it is_ some -non-linear -functi>on of 
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· --- In the· cou:rse of--the .study,_ -it was observed- ·that· the- change --
. -_- --- in -the. de.formation-pattern o:f _the web _depends- o·n the. ,maximum lo.ad to. 
which the web. has been subj~~ teg. ~p. the _pas~; th_e_ maxinium East :1oad --
(MPL) • 
• "w;-;,.'rJ,' 
This -can, be.· -expolaine4, J>y the -.degree -of loc·al _.p.las_t-f.fic-a't,i:on .·_ 
. ·J.· 
~--- ......... --"·"'. """'··-·::-"···--. 
,, 
. -----------------.--_>-:---:~, '. ---:---r"--::-c--
. . :··-- ·: :":. . 
... _ ·- -
the'. change in c~rvature, local yielding occurs at the boundaries of -
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. the- panel. - After unloading, ·res-idual. stres-ses fo~ in_ the· _plas:ti~ie-_d·· 
/ . Z_Ones. -and ;r~strain the panel from restOI'i~g- its 1.nifial __ (or~in'a1) ·. 
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··:~:~g the tensio~ field~ .· This is seen in Fig. 12b where the initi81 . . j 
- out~(?f-plane de£lection of the liieb is. compared with· the ·out-o·f~piane. 
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- deflection of the web after - the .. pan.el has been· loaded to the 1.1.ltimate: · · 
and -then unloaded·~ In ·this· case, the n·ew deformation pattern has :no 
resemblance to the initial pattern .. 
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.slenderness ratio, which was obServed in th.is _·study.-(Section 4u5.2)_, 
_ seem to indicate that the. slenderne~s· ratlo and the relative initial _-
· web deflection alon~ cannot.·be used as efficient limiting design _ 
criteria to ·prec-lu.de- fatigue faflure i, · Other _geonie'.tr.ical· as we11 · as '., -
.- - ·. loading parameters ·should be taken into ac·count. 
.. . . '· -~.. . 
·_ In: this study, the_. -eff_ec_ts of. >ini.tial web defl-ectio·n, 
. . 
. 
·slenderness ratio, . and the change in web deflection pat ~er11 under· 
-
L....l y! 
- . ' 
....... -·-·--- ·_ ... ·' 
' .''. .. 
.. : ,·'. -




. . ·. . 
- . ' . ·. -.· ... ·.- .. -~ - .. -:-· ' - -
·_overload.on_.the fati.gue.-s·:trength.of· girders :h.ave. be_en eva,l~a-te<l: and_. 
. 
. 









. __ . · s·tress coD1putation ·method was---,app:lied to-·unsymmetrical._as·:wel'l -as_:-··•-· 
s~e:-trical 'girders·-
. - . 
- . . 
-··,· ·-. ,- ·.· . 
-.. ·i - .. . • 
V 
' • I..· ,:_·, .. ·.··_'fi, .• ·-
. . ··.• .· ·. 
_.··. : ___ ;, .... ~--,··-···'-~·os···--:...~.s---~~~~~:..'. .... ~·~-~----·_:v····-~,-:----'--:-'.'":C:":~~.-.... ,~.:.-.-:." _- """~-------,--,--:----~-c"~--:~----· - ._ - ."c:... -~····,·-"·-~ ... -~;;; - ~-;-~~'----~ ____ : ____ :.:-..-: .,__ -·~ . 
-.;. .: .. '' . 
. . . . 
-~_· .... ·· .... -.·:··_--.-
. ·- -.· . I -·. 
. -.. ~ . . - . _ .. ,:_ . ;. - ·_ . 
....... 
. .,· ... ..--, 
··~. ·-. ~-;· •· · . 
--·· · ,_[a:; •. 2_:='_.:.,Ef_f;e..ct . of,. Ini,t;ia.l, ,Web ... Def·lec0t:ion . . ' .. ' . ' . - . _._, .. _ .. ~ ' ' . . . . . ., .. ' '' ' . •,- . 
. 
- . . .. -· -. 
.. _.,,.__ .. - . ~ 
.· ·. ·w 
The relative magnitude of the irdtialweb deflection hf 
:h.as.'.been. introduced as ·one of the .factors: controllin·g_ the occu.rrenc=e· : . . . : - . 
. 
'", . 
.. _ .. ·.· ... ·. ~f fatig~.~ ,::~~£;(~,4')~- >However, as pointecl out earlier in-Sectii'on3.3J = 
-
. . 
-because of- the partia·l ·-p·las~ifica~lotf ·cif the ·web~pla~-~~ ---~~~~_-c!·~£or·.;:·--,---
------· ___ ,__ ..... ·-···--"···-·······- ... -··-·---------····· .. ···• .. ····--·---------
·-···~"---.. -.. -· ---···-··--··"--··· .. -· -.--- -- -· -- - - / --·· -·--·. ~--. ·······-~ . -·:··· .... -... -·····-











· - :pari.soi:l wi~h- ·the, i-niti.al -web -deformation- ·pattern·:[~ the ·pan~l -was · .,. ·'- ------·-··. _·_._ ·_ . .-·:· , .. .: . . ---- . ' 
. 
···-------- . . . . · .. ·· .. 
___ -- .:___ --·--- ·-- -
. - ' . 
·'---• .. - . --,' - -
. ,_ 
. , . '• . 
' , • ., -··· ~ .. __ • -· •,:,··· c-
• I •• 
• ' • 
. ~_: : 
- • • : -·-. • 
• - -
• .. ..:, •• • - • •• ·-- :_.: :_:; ....... _.,_ •. ,~::i.:,,.-c'."~_:~:~_,·.:-~-.'.i,;:-.;:.:.:;:.:·,;.:.:=;::;-,t;;::-.:;-'-:-~·;:,:-.:;· .. ,:.···--'.M;_~ .. :: -···:--.-, -.-- .. · .. -· ' - - .. . ;· . • • 
. . ·-·· .-._. ••• _.,: • _·:r ....... ... : 
_,.. 
..:. •. ~---····,-·-·--"'·-·---'-- -~ --c-,---'~~.---··•"""'"' ___ .....:,...;.;.- '.·· . ." .. - - . 
., ~_:_ __ · ____ · .. ;•";·.,c , .. -.-.--.· 
-----,-,-.,i_,---. 
-----,-··---·-··-··-.--·-··-.-- .. •···; .. :· ..... -· --· 
. -·- - .. . - .· --·- -··_·-··· load·e.d_,.~ bey9Ji4~. :i·t_S, 'buc'kling''· -!~.!~:~·:·.:_;~:~_.f~:~~R9-~_t ___ · __l.:L:fg:o_~----I_t_maj._:~~---thu-s~-~~~~-- ·_:··' '-·-·--·-:··:.•-·"·-- --'_-__~--- ;-. __ ~-~ --- --_____ . ---- -- -· -- ----- -:-i-----~--. --- --- -·- -·--- ------ - - ---~--- ---------~ - ---- ----- -- -- ----·-------- ------::__ ______ ,...:._.~------ ----_ - .. 
__ . -··--··· .. - ··· .. -- ... · .... , .-· 
-.- '""'' _,,,, .. -,--.,~ . _______ .. _____ ·-··-- __________________ _. .. ·.·-·----·-··----------
. . ..... 
' 
. 
· -exi.st_ing before the ·girder is· loaded may have.: little si.gnif~can.ce o_n · 
. . . .· ' ' ' . . -i - . . ' -~ 
- - the fatigue -life.- The :new defl~cti·on p~tt_ern which develops after 
.,-
. ' . 
- . . . . 
. o\.._. -.. 
. . 
... - .-:-- . 
. 1· . 
.. ·.- - ' 
? •.. 
~ ...... , 
•. ,:o,*•.A..-:._. • . 
.. --






.. --- .. --- ·--..,~~~~~~~~~~....:;:.:,..,_..._:,~~=---::.:.~.:~ .. -
--------------....... ----------'--------
...... ·.-... · ... , .. __ -, ___ · .......... - ·.· - .. .- -·- ·-·----
, ... u u 
- - - - ---- ~- --. --· -: -~,re-,-, :....-- =-
:---, •. .:.......i ~-
. .---. 
. ' . . -
. 
_.....:.:...i ,_ .. _' -------· -~--:·;;····----
•• LLU-1 
u L.J 
---- -- -- -----,, - •• -.a-=:,-_-,..-_'------'-~'; 
I • . 
--- ' . . . \' 
• ··-·-· ... 
-28. 
.• I 
,· .. .:,•, . 
. 
. 
--- -- ·- - - --- ''"'' --------~- _-.--,_ 
the :maxi11:1~-~ past lo~~-- {M.~:J;.l_ c:,~- -~l:l.~ _:g~_r_4~t: _i__s.~ reached~_shou ld-b~.- -·· ··-----·--- : __ , ___ c ___:_a_. _: __ -_-- -·-; -·-------·--······· '··----~----
:used.as the basis" Some .of - the previous invest:l,gatqrs have, in fact, 
• 
us~d it as· the initial web 4eflection (a)._ 
· 
. ., .... ,:..., . .; . .. ---·-
' . ) . 
,, __ ,_ -··· ·------:-· -
·The new deflection patt:eri;i.,,cari be in~luenced· -by· the :ac·tua·1,.: . --
.\ 
---··-··-----------
'tnitiat.deflection· of the web plate. 




:However, ·as shown in Fig. 12b,•·-_ 
. ' 
·;· ._· ·1n. ca.ses where the MPL·considerably.· exceeds ·the buckling value -this 
-- - --
---- -
-- --- ------- -- - ·-- •- -- -.......•• --,-.-----··--.---
" : ' · effect is negligible. -- . ·rt_ should be noted that. in ·Some panels, in 
whl~h -l,oca.1 plastifica.tion does .not occur under loads of pract·ical. - -
.s.i-gnificance, ':the .web is likely td maintain :J-·ts initial· def·lecti.ori 
·:: ·.:. :,.· · i : ·-·· -·.;pa_tt~r~./ --_ In this· case, - the ef fe.c t · of initii=fl def lec--tion on the -de ... :".·. 
· · :: velopmen:t, of f~tiS,Ue cr.acks may be of di.rec,t·,significance'., -H.owever., · .,, .· · ' .- - -··. ,· . 
. . . 
-~--:-··- . ·------·· ...... - . ...... \for· t.hin web :plate· girders· this is v~ry. unl_i_kely .. ··_ 
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tlie-.·-tnitial web ·deflection of ~lie ·panel .cannot. be used as a reliab·le 
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: a load higher than i'ts bu-ckling value. It was· also observed· that_ th'i-s. 
permanent·ch.ange .in· the. initial" deformati·on pat.tern tends to reduce 
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_load ra~ge ~ .. C~nsequent ly, an increase in the fatigue s·trength of a· 
_ _... ·. 
•.- ... panel may·be·expected af.ter.it ·is subjected to an overload ·(MPL); 
. ... ·- .---- --· ·-------, ------
. --·······---- ..... -., ........ - ----
· ·· ·---·-·······-··-·'-····-···--··-······· -------·-which -itsf higher. than thti b1icklin.g. vaiue·: It should be. noted,. however, •. ~-~---· . -·· · . . . . i•····.-· . • r ·. 
- , -· ,, . that since the· ch·ange in deflection pattern is _such as to conform to · · 
. ' 
. . * the· type. of. loading. , the increase· in . fatigue· strength ~s poss.:ible _____ · ~-c--.--, -~'. ___ -~:--c--_··.__ 
.. - . 
, ..... ,;·. 




. . . . . only_ if-the structure. i~· s~bjected mainly to the ·sam~ tYPe of .. load~'.·_ .. · · 
- ing_· all throu.gh its: expected _life. If a panel is· to be subjecte~ to-· 
- -·- .. 
·. ~iff~r-er:it :type:s of load_ing, its .deformation pattern.·will .. chang:e e.ach_ 
.. ·tlme · to con,fo·rm. to. the new loading· condition~· In this ca_se, ·it .. i"s · .. 
· le·s,s _li,k.ely. that·. over1·o~ding ca~ ~P-~QY~· __ the fatigue· stren_g1t-h .• -
·: ·1t may be c_onclµded·, then, "that overloading of a gird-er 
-. ": - ;.,,.. . 
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be, .·mainly;- su·bjected to the same· ·type. of loading. tbroug.hout its 
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'Type of Loading·f' · is defined · as a certain comb:i.nation of sheaf and-.:.· 
· moment and may be represented by, the ratio ! .. 
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~--=---:-···---------·. ---~---·:,c.,..=-~------c-·-- the ·flexing of the -web are usually located in the compressed· por- --- .. · 
ti·on· of the web <1 ~4) Cl>· · This is s-imply because compression tends· to 
~plify the ·deflections •. On the· other hand, the tension:,. to the 
.· ·.v.·. 
. other si·de of .the ~en.troid_al. girder axis, tends to ·reduce ·deflections 
. '. . . 
. 
. and thereby reduce·s the possibility of the occurrence. of_. fatigue 
. . 
' 
- cracks.· It. follows, then,. tha,t the ·po_rtion of ~he web ·depth- under 
, 
' . 
--- ·------. - ·---·-----··-' -- - .---- --
,.. .. 
--- f--· ... ·. 
. compresston:·-should . be a more . importa11. t_ factor than_ -the fu 11 depth.· 
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Q·f. fatigu·e .cr:acks. On this basis, it· is .. suggested .that· 
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·ves-tig.ated,f;or the, case of pure· shear or ·whe,re ·.the -shear i-s .dominant~--














.4 .. 5 Test Results for Un.s~etrical. Girders : __________ _ 
Nine-panels.of ~~e two unsymmetrical g-irder sp-ecimen,s - ' . "~- - - . ., -
--._:_, - ' 
. ,•-'-- , 




--~-,-~-~-------·----~------.. -------.. plate· bending stre·s·~---·d·ts·t~rtbuti·ocr~a:t· the··web boundaries .. --Th.e resu-lts · '' .-·- ---··· ----- ···-· 
· are presented in T•ble 1. 
_, 
As discuaaed in Secti~n_ 3 .3 ,_ -~ loacl of. 27 .5 p·er ·.cent of th·e:. . 
:·./_+. ' //) ' ' ' ' ' : ._·_._]. .,,·. ,·., .•·. 
· · · / (. · · 
· · · I 
· -~nload_ing range, from th~ ultill}ate loa9 to the zero load, was used· 
--.--,---·-----•.- -.-... :·· -~---, 
for: ·the bend.ing stress calcula.tion. · Hence, the· m9-xi1num past load 
-~L) of. each· panel ·was equ.al to;· the. ultimate load·. 





















iespec,ially .of.- s~ch a magnitude·,· t·heir ·MPL· may b·e _assumed 'equ0al· t-o· 
,w • - : '' ' 
' 
' . 
' ' ' 
· · · the-ir ma_ ximum ·working_. load P .and the range of loading to 
max '. -·· . :. . ;;, 
,· 1'1" • ' 
. ' --------- _:._-__ 'i ' . ..· ' .. :' 
.27.5 pc__e.r ___ c_en_t of ___ the __ unloadirig range may be :expected_·"to.be sma-ller--c-·:··'-----
-
. . . 
· -_ tfian the change in deflecti·on. due ·to· a. loading range·_ of P · ·. -· - P .-'.~-
· -. · · max · . 1nLn: 
when- the MPL is assumed equal to P · .. Also, the -web ·thickness and·· 
· . - max· 
- · ::st:i,ffeiier sizes of the two test_ girders were· somewhat- ,diffe~r·ent :·th·an 
- . ···-----·- - -·-- -·. ---~----·---·-------------------- -
' 
' 
~ ..... 4 




. .,.·. ··-···.--····_,_·. ------~-- :·.-. _:_ ,-·:. ·. ' . ··.: 
·_ be presented as examples of the exp~~~-~~ .perf~rmance of an-ac-tual 
- ----· . -- .... ---
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·. ,,It. should, be· kept in -minJL_t~at a fatigue l,ife of :two mill'-ion 
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to ~,000,000 cycle~ in Figj 2, was·used as an indicator of the safe 
or unsafe nature of the calculated-. bending stress·es of the two un- · 
·symuietr·ical plate ·:girder·s, and the· .panels. ~re~ c.ateg_orized_ as: ''safe"·. 
·. (S) -or ''not saf:eu:_·(NS) in J!olumn 9 of Tab·te 1.· 
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..... ·, ___ ...: ____ ......... ',. - ... --· 
. __ :·. ·.·. , . 
_: .. < 
_: .. Th~ max.imum b·end,ing . stres.ses· obsetv.ed -at hor-i.z,onta-1 st.i·f,f-.:.::_t:~~---:·-.·····-~;- .. . - .:.---·.::,. · __ ·----,··:: .-.-_; ... 
:ene.rs and .·flanges in ~he c·ompressive por'tio·n ·of the :web are li-sted · 
' •.-:: . - . 
. • 
·· in c·olumns ·6 and 7 of· Table.~-, resp·ecti-vely. . F.o:r .. three :-panels, .the 
. 
. 
···• the bracket:s). ··This. may be so ·bec·ause shear. ·w·as- the domlna11t. 'p'or·tton· ·_···• 
~~· ..... -· _. -~.:.,~--
of the· loading as indicated by term :,, · the ratio· of the moment to 
----·;:·------· ::,,.._.· -· --• .-e.~ --•.. ·•·. -- · .. -sh-ea:r~'--.non-d:ime11~s'i:ona-·1t zl~tf:--o·yc .. -··:tli~ ·weo ··-··a-ep:th. ~--~ Aft ho-ugh""t·he m~~ i~uttt 
----------
-- -----. ---
• stres·ses observed do not correlate. well with the modified slenderness 
· .. ,x;atio 130 -, ).:he .fact that the stresses corresponding to 13
0 
of less tha[l . 
. 
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. .· . 
· :20() ,are ·:s·ma_ ller tha'n. · 24 ,k·S,ii lndic a:.:te_s · ·th,a:t the. :cpr:o_ .p:ose·d. _limi-:ta:tion I .. 
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. ·. lower ·tJlan _·at the flanges;. this is due to· the· smaller torsional ,ri-
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' 
' . 
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• • . • '!/. 
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. . in the _tensile portion of the web .. · Parentheses indicate that the 
, . 
' . 
·. ·stress was in· th:e _neighborhood. of the anchorage :of; the diagonal r.ein- .· 
- . ······-:. 
forcement·bar and, therefore., tr1ight have been influenc.ed,~y·!·local. 
. . disturbances there~ 
- --.. -------------






.:• regardless of the.value of th.e m.odif1,.ed 1,;J.enderness ratio ~u· ·. Tl:ti,s 
1
· 
. may be att·tibuted · to the use of large s,ize .st-i,ffeners --in the· tes-t · 
g·irders cfnd,. consequently·; g.re·ater rotational -re.st-raint of .·the web.· 
_:_.: ___ : _________ than.may be expected for more: convent-ionally ·sized ·stiffeners,. . :lt 
"--'----- - - -·- .. ·-,- -·-----------·· 
: .. :t- '; · .. -.. - . 
~ . ,. ·-~· 
. fol.lo.W'S,. the~,·_· that .stiffeners with .. gtea-tet tqt-at.i(>nal rigidi-ty:'WOllla:• .. 
lead ~tQ a reduc·ed fatigue strength of · the pane 1.· ~ · ' . 




'· •, · 4.5.3 Summary; of the Resuits 
_ 
_ ____ ~- ~---c --~--:c, ______ ,:~----"-', 
~ -' ;·· . . 
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-
·rn summary, · the follow·ing __ oh_sc.e.rvatl·on~_;_. __ we·re·.·made·:. _, :· . 
. 
. . . - .. 
. ~ .. : . 
·._ ll . Al_~hough ·• the prop:o:sed ltmi,tcing :~ ·.: ·wa·s ~-f:ound ,t'O ·,b·e ·. : 
. . . . . ,-_. . . u . . . ;,.· . . 
.. : l • 
.. conservative," a· lack ·of correla~io11 betw~en· tb_.¢ · • • .,. --·. l ---.--.-,-;-·~ ··: 
...... ~.'.'._. __ ..... - .·. ··-·" 
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·::: ~ . 
. bendin:g. stress . and.--~ · w.as .·appai;ent. · 
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----~--------u 
. . --~'-· ------ ---- ·---·- --- ... ·. . . . 
- --·--·· .. --.----- ------·-----·------~--·------·-- __ · ___ - -·-------- -···-------··-·····------------------------ ------------·. ·----------- ~-- .-
-··-·-,-;-----:;--,-.-- -
-.-· 
-- ', ;·'" -: -
. . - ' .. - ·; .--
- '·-··---· ---· -------·--·---.-
_________ .. - . 
: 
. 
. . . . 
. 
- -- ----···-- ---- --""---- _ _,;._ _ ____,_____ ... -~------ -
. -- - -
.... ·'t-
_,, •... ---··- - - ---
2) 
·"'· ,' . 




. f··· - .•.. 
. . . 
. ,---. ~ -~-:-:_:.!:·.-.·.~_:;_--:_~.~~~-- . .......---;--::-:~ ... ·-=--_ .. ~-··-- -··- . - -- - ... -..... - . . 
....... ._ ... c...- ----·- - --··--- - . 
atively. low. ·-----~-- -···~ 
..• ~--,·· ... -: ..... -, ',.,·.-:· .,., .. ,.~,-,. ·• ... ": .::., .. .-.. ,._., ,,.,.,._.~ .. : .. -.... ...:_. __ .,. .. . 
--·-;; -- ... -.-·--
. ~ . 
. ------ - . 
. .. ·...:...::::-.· 
.. , ' ,·.-, •..... ,--·,·~·~ 
. 
. . 
-~-- --· -·-. -.--,-·· 
............... , ...... , .... .' : .. - ·------~_, ........ · .. ·--·----. ·---· . . . ~ - . . .· ., __ ..... : ----- .· _. -· . ·.. ..... . -~ ----·--------· -------·--=-::::::~-'-~--,-· -~~---~···------"'--....,..., 
- . 
-
. _. __ _:_,.· .. · ___ ....:: ..... - ----------·-
- .:-:<-::,--:~-:-~":":::"'",..~-~-----_~--':-.::::;_~:i."_:__-_-_·_··:, .. -::--~~--:-c_:_-------::--::--~-•. -_-:----::-·-:.-·-·:-.-
-- ··'-···--------- ..... -·-·- -. --·-·-· ---:. ----'-- -
,-· ---- ·. 
---· • -
. --· . .:....::..=-__________ -'-.· . ._._;__: ___ , __ ---- ·.· .. __ --~---------------·~- ·----- . --- ·-., 
. ~-- -'!,:.-;_· . '''"'~~:~--,,,_,_,,,,... .. ,,,.~ .... ~_,,-_~ •• ~-,...,--_~~~-~ .. ·-.:..:~-=---==---r-- ------ -
----~-------· • ---~-. . -. -





- - . . 
- .:. --·- __ _..,_ ·-
- ~---------- . ·-·-· ~--'---'----=-~~ 
- ------ ------------ ·------------··---~~-··-··--~-----
. . ·· ...... · ···- .. . to '_a :reduced ,-fat:tgue strength_. · . --· ··-;··-··-- ... 
;... ... 
,' •· •. ·._-_,..r 
.. -· 
·,. : ••• '1 . : ",. ' 
. -:--·.-··•.· . ·- ' •. : "--'?··,,. ., : 
•·· _._ 
. l, .{' -···.; 
·-· -
.· .. ,-.·.: . 
· .... ·,; :·:· 
. ·-·- .. 
; . 
-·,. r ,.- . .· . 
. . . 
'· 
..... 
. . -> r .... 
--. -:::L. 
· .. · .. , ·. __ '.. 
. .. ·,· 
... ~ . 
. . .. "3 . 
• ·'i 
J.... • . . . 






Utl - ,r! -....rr.. •l:r:.; =- -=-- . LJ L ____ f L_____J o· 





All these seem to confirm the concJµ$ion arrived at-earlier----
that the .. slenderness ratio and the . max·imum initial lateral deflection 
alone~· although .. . . 
·conse·rvat1ve ~ 




·S4ch .as, the typ·e of 
cannot -be used as 
the development of 
1 d .. M oa 1.ng Vb' aspect 
compressive· portion of the web Ye depth i;--, and the 









fatigue cracks .. Other~ 
ratio a, ·relative 
geome~ry of stiffeners· 
_ _.,,. __ .. -. 
1 .
. ·{'--· 





--- -----~-------------.- ------.:...--.. ---·' ------· "----.-
. •----~. 
- -.-·--... -- -------
--.-------::;-_,-r= ---- ,-_ :..::.::: __ ·_---
------- -------:·-· -···· 








--"7"~------ --,---~~-- ·-------·-- ---~'~-
·-
---~------ ----· -~--- - --·-· -- -------·----~ -. - --- ·····--· ----· ~:-·~·-· 
~-






------ - - ----
, ... ...;._; .. ~ .. -=_.- -
. ~~--------··---- --- --
' 
·Zf. ·· 
.. J. ·, '. ~ •. ,,,,,.'.]. -
-
- ~ - '=---~~~ 
~-LJ_'-----..J_ 
...!..• - =-- - .. _;;;;-
. - ... ,. :.:.:- .. ' 
· : _;35 · 
. __ / 
. ;.,. ., ,-· ,. 
..... _ . ·, :. _____ · -· _._· -~-~ ·~:-· ___ .:·- .~s .. . _SUMMARY; coNcLusroNs, - . 




. - · ,. . AND · REC.OMMENDATIONS 
----- --------- -
--- -·------------
. . . -.-. ·o 
. -
- . 
· An· important - type of fatigue failure which is . unique to 
. 
-
-.. '. ··~ :Plate' _gird~t:,S. is the development . of cracks due to the .flexing of -- the. -. . . . . . . . ' -
. 
.. 
web plate· when the girder is subjected to repeated. loading·~. - In an· 














_ metrical girder. specime~-s were· used. for· the analysis of the web bend:-. -~ ··-- - -
._st1;:e·ngth of ,th.e girders :wa·s evaluated by bas·ing it on an· approximat:e: -
. ' . . 
. 
_. symmetrical· girders. -
.. '"'. 
-·-···---··•···- .. - ·-e~"···v'. "r',-··, ..•... ., ---~ - .. 
.. 
... -c •. - -
---.. : ..-~n,, .. :.imp:rov.ed ... : ..m.e--th,~ti-, WtlS··"-d·ev·e~o·p·e:d;:.~-orh--c-a~tctrl~ft:ihg-c--·tµe··-p"I~t:e .. _-. 
. . . ·,. ,··· 
. . . ( ~ - ...... . . 
-~-·-···----·~';.--·,.;. ... ._.-~---.. ----'·--:·· . 
. ' ~·.' i -
- - ..... . • 
. 
. 
. . .. . . 
.... 
,;,-------~-~:~ .. ;~:-~;-~---.· · :.· ... ~- -~--~·-·--,-~:-ben-d~ing-s.t-resses-----~·~used··-by--·_the cltange. i?,- tlie out-of ~-plane . deflectiot1:s 
- of the· web -and is desc;r·ibed· in Chapter 2. --The· method WErS - specialJ.zed 
· ·- .. in> order :to make· 'it: a1n?ltc;able --. to the ·test girder panels· as ex:plai:geg · . '. _ . . . 
.. ... ,.,.. -- . 
. ---.... 
· - in-Chapter 3. The ·results of this -study are pres~nted· in Chapter 4,. · 
·-•' l • 
- . 
·. where the effects of th~ i[liti~l web def.leC.tion, Of. th~ ;lendemess --- -- --------------;,'---·-c···;··· ................ .. -- ----·- .. 
:-·of.the web, a.nd of the. load ·histo~y. of th·e panel :or its fati:~e, be.;. .. -
- . h·avior- .are _dlscussed. -
.. "'· ···-·· 
---~--
- . -
.---·- .... - ... ,. .. .. -:·--·--~---·'·.·--··-·:-<:· . ----~---··"' -.- ~ 




:'gird.er . spec,imens and ·t-he. i.nforma'tlon available on symmetri:cal .:p·la.te, 
· glrders, .the: following .conclu·sions can~·be drawn: · · , · 
. () 
('.',·. 
•' •, .. 
. ' 
- ______ ]: .. 
.. - . 
,------.-----····:- :.: :·-:.:;; .. .:.:·-~- - ·. 
•. . . 




- _·"----~· . . - .. -_ . - ... '. . - ' -- . ~ ·.' . ···:_·~-· ; 
~--·--·' 
- . 
-- ........ -·· . 
' ' .. 
. -
. -· -.... 
s =' • 




_ , ______ . _____ _ 
' ., 
. ·, 
-36 ·.;· ------_-·'·' - .·. ·-. -- .. . _,L__:__~~----------- -~-- -- -· -~~---------------·-----. ---·-- -~-·-·------ ... -----~- - . ; _________ - --
··--· ·---·· ·- .•• ____ .. • ___ _. •.• -- . ~--··---, ' ' : . ~-- 1 
. . . I 
. '1· . 
. .. _. ___ ,. __ ..................... _ .......... -C.c--.-~ ...... ,., ....... : .. -'---------~-'· ----- --- - • .................. . 
. - ·,.,,.:...... 
. ',· 
,- ; 
. :··,· ' -
,· ,-,,.;·- .. 
- - -·------ -· -- -- ~---------· .. - ' 
.... 
· effect, if a9y,. on the ·occu,,;rrence of fatigue cracks· 
. _ i~ -the. panel has been subjected. to loads greater · 
..... : .. ,... , .. _· - ~ 
. ,1"'"'-~---.-:.r.1:-, .,_...~·--·_. _
_
 _________..... ... -~--- . 
. : : . th.an ~he buckling va lu.e . . 
. :·· • ' ~ • ,. •, I • 
2. · The •-use· of large s·tif f eriers tends· to reduce th-e· · · 
! 
fatigu·e life of panels. . ·. __ ,. __ 
• - i ..•.••• - ----------··--·----------··--------
• • 
. . .. 
. ' . 
. . . . . ; .. :-·.;: .. -
. 
. 
, lt wa•s :·shown tl:tat tp-e de-~ign limita·t·ions· of -Refs. 2 _::~d <4:, 
.···. > .• ,a~though cortservati"7'~ -in ,most cases., cannot be. used as ef ficien.t -de-~ .. 
-------·····-·-····· -----· - '..... 
-
. -safe .design .. · This· 1s-:£he case, for ~-amp.le, for panels with tran:s-
--'1 . 
. -~ . 
. ··,·- ·,'·. ·:-
--------=-:---
v:~rse stif.:fe~ers bf. high tor-sional .. rigidity·~-:----It was also observed: ___ -. ________ .. -~--- _ -..:..,---~----
____ ,,,, .. """""" •• -~-·~- ----·-••~,.-,..~ .. --·-~ •• __ • •• ,--.-,..-,nn,,o 
·------· ~ • • 
-c~-;:i~-- .. """"·'---~.:::~--~·-·:'::-::--• ·-'-~~tiia{thEl 1o~d-,h.isto;y~-(~~i~~-~~~~ l;ad) oi: a panel -infl.Uences its_ ·._ . ·~· .. - . ' . ' , ··- ·- .. ~... 





. · __ ·-- .·;; ... ·--· ...... _,:_._._ . .... · ... -- .. 
· • · f-at.-igue .·strength. · .The· followi:n.g reconmendat ions· are made from these 
·•.- .... -. . 
.. ·, _'., -, . '.r • .. • . 
:find-ings-: •· 
- '- --;. . 
r .. 
i"'-.· . .I· 
... 
- --' --- ~- ·-- •- :• . " 
_ .·.: __ :_: .. : .• ~·:··- .. --~--.. ~-,:-.. ;.~----.. --~,~; .. , _____ · .---•nd.~"h ___ are .... the compressive .-por.tion. and the thickne'ss .· · · 
- --~ - __ :\•. ---· - ' ....... - --._-., .. --· -~ ::-- _·-_-_~ -
- -- '°'._.',"':·· ' 
·? '. -. 
. ' . . . 
-···· --·-· ·------ ---·-··--···:--·- - ·-------- ·--.... , ............. ------- ·-------··---- . ' -~····· 
· o·f the w.eb respectively, i-s .tentatively reconunended. 
I 
. • • 
- ··-· ·-- ··-'-··--· ---··-·· ___ ; ---- ·. ---
-
as a limi tip.g ·cr·i teri·on to ·preclude f a-tigue- ,cracks_.----- ------------ --;,-- · 
. ' ~ . . ., .. 
-·-
. . .. _ 
. ,•.. . 
-. -----··'-------·--,----------;·~=----?-<-----~~ .. - . - ' . ----. ' 
. _.:. : .. :;. __ '._ --- '.•.,- '_:_ 
- -- -·-- -- -- .. 
--- .. -'···-··-- --. >-~-::-·':·--·.~~-.---: .•. _._, .... , ... '. .. :~ .•.• 
•···· ·-·-·'-·"•···-" . -











-·-·- ··--------..... -- -··---"·-------.---:---·-
,.-,-· ·--··-·- ----- .. 
- ------
__ , :·· -· ,,_.,. ___ - ·- .. <·---- --·~--- :. __ ·_ ··-···· ··------=-~..=. __ ------- _- _; - ·~---·-·. ···-~·· ________ :___ ___________ -- - ------ - ----- ---- -- --- -- ------·-·----=-----=-~~------~.,:-===·-=-----=-----==-~-~ --~--~--· 
·-- ~·- ... -----· .. 
-·-· -------------·-·-- ---
-·~----.' -'··' ~- ~----· ... ·._-- ---___ : ._ .. -::····:_·" -.-___ . --- ......... · .··.~· -:~! ifau:~ _i-~:give11 ~~-~a -function of the yi.eld stre'.ss. __ · ... ., __ _ 
.1·1 ' 
. ;.: · .. ·. • r • -- .. -~·,,.,-'c·,·,-.·,·-.··:.·_,.,._.·, 
-.-, '-.,---,-_ •. _ .. ::,:~- ·.•cc·c,·.·cc., .. ,·· . ·.--:-· : . ..... -······· 
. 
. . 
---- ·-·-, ..... e"·, .......... ~ •. ,. -···"· ••.• 
. . . 
--- ·-· _,·· ·.·~---:·-·-·-····· 
of the.web· 
--+= · ...... 
/ 
,. 
-- ··- ... -:~·-···.·····" .. -·-:--,···· 
...,.1 
.. A.-.·.·<. 36,5_00 .. 
. ..,u - ff. 
y· 
. r 
. . t 
.. ···--··' ..... ···- :~,·--··---·-,---·-··---






. --~ .. 
. _,; 




:..:-- '.·. '· 
' ' 
-37 
; :. . ..• _.,,..._. 
fil. ' ' .. i •. ,~,·'., .. ~,.,.,., .,.;Ji:111nu .. v,1: • . 
' ' ' 
........... ··~ . . . - ·•. ·.' > i .. ·.· .. · .. ·· -·Equatton~cs~l) rs· tnepropo1;e·a·1:i.nifFOri W.eib . 
-~ . . 
- --
' ., ."_ '(,I_ .. ~.: • 
' 
. ; .. ~ : . 
. . ·_ ~ .. -. · ..
' ' 
':· .. , .. ,'• 
-. ',•.' '. 
- ·-- - .- ----
slenderness· r~ti-o .f3··o£:.· symmetric·a1 plate gir:...· 
. - I . ~ ,. 
' '",:.O 
"'' -
ders. given. in ·Ref~- :? .• ·. , ......... ~ ... - . 
.- ·• .... ; 
·-, •• ,, ••.•.•. , ... •!•··1 
.. . .. 
...... · ........................ . 
2 ... F~tigue strength of a panel may be•incre·aSE!4 
- -·-,----~.~-----,. ----- ....... -- - •. ,. ·••·•·•-::_.,--,---·~,-.-. r•• -~ ·--,• ';---'"'"-~•··· ·-",,,·~:• c·-.~•··.,-,.,~~~.' 
· _by· o_verloading if the -f:ol~owi·ng· are ·true: 
h, 
, ., .. a:. The-,.:,~,panel is. s~bjected ·to appro~imately 
. C 
... 
. .. ·- -··-·'.· ·-·-·------ -
' . 
the same. type of load:.ing. throughout it's· 
,, 
expected · l~ife ... ·· 
.. , . ' .. 
' . 
' ' 
- _, __ ··---· .·--:--. --; -· 
' ' :.* 
-b . ·. The .. ·overload · -:exo:e·ed:s -~th-e· -, buc-k-1'.•ing <va:1u:e:_~ .,:,_ . · 
. ,.-.. ·, .. 
. '. ·.; .. , .' .: - · .... ·- ' 
- ... - - ·-: ' 
•-of the panel,._. Thi-s_ r·equi.rem·ent is ·au-to~: .. ' 
.. -- . 
. •.. -~-
- ··.-
. '. ~ 
· . m~tically satisfied when the maximum 
_· -··~~-~~------· ·; ..• -,-----·-··- --7• .-
:-- .·· 
,.. -_ -----:-. . .. . .. · · c: - ~-:wo-rra.itg-r;iacr-cp:-- -J·--o:f·rt;;" ;~;i:;1'·i;-~ 
- . . -m~ ·.. . 
! • ' ,', •• - • ·... • :. ~ - • ''.: '~. ·, ; -- •. ' 
- ---~- -- ·I. .. ·- .: -· -.. ·.,. .. i .. -~ . '. ····~.-·:-,,~ -·- ·-·~,,,·:· -~ . 
· :-~-:.~~-,---larg:er . th-an its-~tfckl.ing value. · -----
- . . - ., 
.... ' . 
·:- .. 
. . . ' . ~ 
.. ,.'.~ .. ·, ~-:-~· --.-----,' ' . ,.• .. 
Rec.-ommenda~tion ·.for Fut:u te. Research·: . · 
- ?'f If, ' . _i I - •. .• , . ' -- .. ' 
The .effects of loading as well 8s of '8eometriCal pa:cam~ters., .· 
· ...... -.·.· "',· · .. 
i auch as the ratio of moment to shear non-dimensionalized by the Web . 
--.··--·'------------,·--,-·------,·-:_··---·,, __ ·_·'. ___ .. ______ .-,- .. depth !., . ~spec.t ratio· ~, and the dimen:S10,~s o~~~htf stlffe_ii~r;· on····· 
. the fatigue strength of the panel should be studied in greater.de-
_, 
·-
. ;; __ ;::;.:_,_,.: ... 
. :~·'··· ---.·--···•,,: 
. ' ; . . ' 
,\ · .. 
r. · ... 
... ..::, 
: _:.lio ~~ .. 
...• c···· ••....••• ·.·.tail in orde:c to arrive ·at more comprehensiye".limiting criteria. •• ~.·':.:.·~-. . 
' .. , ·-' -----------~ '' -·-····· ·--.-_ccc-=;;·:::·:~:- ----·-'-··---~-c-· 
-·-------- - -- - -- • • -v ... -- - -: -- - -~ ..... ---~=~~-.~~----~z~~-~----:---:.-· '-----~-----'--:" ' --~c 0 - ---- - ___ , --~ :.:::::... •• ~====,:.:.-::.--::: ---::::::=.~_ - ', ::;;---.::; ~....:::.:=:....-.:=.::------------ : -. 
.----- .-"'.::: .. 
- -··- -- -
', 
... - . .,. -•·-' -- -
' '4 
' ' 
,·-··-----·-- ... ··- ., ..... ·• ··-
. , . ., ·· .. 
.. 
- ;, . 
* ' 
--:--cc--·--·----'--,' .... - ... · .. -.---.-. _-.-.-~-. -. ·--. ' ' .· •· ' 
. -.7.7· _ .. 
·, .. 
---·--···-···-·---·- '-·--··-·~.---.~--.. 
. ~ . . . 
. - -·- .. · .. ·---.- ---- ·-.·~ -=··-.---'-'--··""'.'"-"'' - -'c'-'' --'-"-' ~---·--~--·-'..-:c . . · ..~--- -'~· -
-_:. - .. ···-~---~.::.··. _.__ --
···-
-~-- -- - --
·: ; :: . .::·. . :- ~ --=., .-- .. : ·~"· :· • -
• .... :. ,-t-· 
'·-· 1· • 
Overlo'ad is defined as . a load larger than • the lliaximum working load •. 
·1. 
, ' 





. -~ -: . ' . 
-.. -·.-. 
t . ~. 
~---·-·----· ·~ L ___ .. 
-
~-- ----- -
-.,:r •- _ ... ~~ I 
-38" -
- .. _. . - . ..·. . - . - . ·. . . . I • .. - . . -_ -. - - -, 
· .. -•. ___ .: -· .,.,: .-. -~~-~:~------ --.-- -, ~:-~-"---': _____ ~ __ TABLE ! __ : _____ TEST .RESULTS ·-OF UNSYMMETRICAL PLATE" ----- ·- - . --· ~--.,._:.C..-------~~Cc,~-~-:-c""--'~-~ ~-- - · -- ·_ .. : 






--~ ·_ Bending . Stress (k~t) -Cate-· 
u 
-HS· F 
-_·UG4.- 2·.-. 1.1s· 262·\-._- 2 .Js----
. ;: 
1.77 -346 3.50 
--
·39. 
. ·. ,.,.. .. · .· 
'·. ·~, 
---5- --
....• 0-.83 - 178· ·_ 2.2-0 ·----·---- ·8 
. ····,- "'· ,,· .. 
,• . 
-U~.5-· __ 1. :2· .• 40 -.. '336 0~90· 
l' ' .: 
-_ 2· ·_.· 
. . -· 
- -.:. . 1: •. 55'_· ·.336 __ - .2 .• 40'·. 
-.15 
··-. ·,· --------- -- .- .:3 . 
'·, - .-~ ':18.-
-
2.40 
. . . 
-·199 3.50 ··21 
. . 
1.13 199· : 2 11 20 · - . __ -15:____·--·--:-· .·- -ti!>~,_:__~~/:·\ 
. ,· 
-... - ~. 
,_· -··. ,-., 
I;. 
. . ··' 
- _{:...· ________ --------···-.· 
--.·.us·· Hori·zont.al:'Sti.ffene·, 
. -- ...... 








. . -· 








.. ·.; ~-: 
. .. ·-,. -~ . __ ) . 
. - .. 
. -----·-- . .. -· -. _....: . ..:~- ____ ,; . _;__ . 
.:~-.-·,· .. ,.._ .. 
.,., .. ---------- --
------ ---.. - -·- . 
:- · .. 
.,. .. ._ .. 
. . "'f• .... · ·-. ·. ·- . 
. _, .· 
• l •• 
-------.-- .... ____ .._ __ --
.:___----------~- . ~- - . --::-·-- ---- . --·--~-~----·----:---"~-·-··-----~~~-· .. _--"•--· -:.,..._._· __ ._, __ ·-· ·--··-·· ~ L-'_._., -~· - --·---~------ ---
--Ts. Transverse 
.-.. ·., 
· Encli:,ses · t.ite highest · stress ·When it· occurs in tens,ton pdrtion 
-:of -the---web,: -· · · 
.· ·- .: ... _' _____ .· ' . 
I 
"" •·-•- ·---·--~--------···'--·---·L----' ~----------- ,•.:. ... _ _: .--.:·~ • •••-••• 0 ' • 
·-- ·.~:.:...- ·-- . . .. "Cc~-1~f ... EllClo~e-s _!he_ s_tre§,.~g~ ~hl.ch_,might=have=b.el!Il--ini;lueneed4y. . . 
___ . - --~ lo~~ii·-:·di-stui=l,~nces-~---·- • . . ---.. ----·----·-··-····--···· ···-·····--·-- ---·--c·.- ·o.:.:c--. ·-·---- 7 -~:~ ------··· 
·------
;:"" ___ .. ____ -·-·-- . 
-. ··S 
' ·,! 
• •. Ns.· : ) 
. ,/ 






. / .. 
··.:., . 


















~ : I 


















. f ..• : 
1· 













i . ~. 
\ ~ 
!- j\ .. ~ · ... ' 
i i!. .... ·-:r . 
I  ·• .,. I !'· 
1 · I i: . i. i· II. 
I: 
i 




. l-'i' . 
, · I· ·.1 
. I . 









.•. t I 
· ·~op Flang~ 
I , I ' : ; ·. ·: l . 
~ijb PIOt. 
i .. J . 
. 
: .f:) ... · .. : .. ',· ' 
11trf.·nsVerSe 
!$t·1ffe·n ers · 








. . . 
iN-.iA. 
1(:NJufrol A*is) 
: .I; •, t . . . . ' : . . 
-
. \ I 
I ,, Ji 











•. • •. 4• •• ·-.!A • • I> A• A.. •. ,..· •.. • • • ... •. • • II' ·..:.~ • •. I>. . . . ·• •" 
. : . 























.. ~i . 




















. . . . ,· . . . ,i 
.. Constructi9":· 


























. .. _ ..... 
. ~ . 
• 
Colnst.:rlJ.-ct·ion· 
. . i. '; : • ·. . ..... . 
• 





















------ --lllf1t--•· - ____ .... 






















3···: .. :m·,._,-'·._·. --~·,. -;r,.. • 
-. 





::; . .,.,, .. ·., '. .. 
·- ---· :; - --·--- ---------- . 
· .. · .. •·•-'u,,.._ 
·~ 
. . ' -
.: ....... - -- ........ 
,., 
; 










. \. . 
·Flange 
•••••• :Stlf f ener' 
UI 















u LJ L__. 
,J!:, 
.. .; 









. ~-.• .:;; __ ' .· ---~7 . ?ci. 





~000,00-0--. ~: .. , 
. -
3,000,000-
_._.,___ ~ ;'- -~ 
.,.· 
. -~- ~- ..... ·----
2 Stress-Fatigue• Life Relation·Ship (S-~N) 
·.----·-· --~M·, ... _ • .·--.. ··,. - ... -··-·•• 
. --. ··-- ------·--· 
• . ·-·•, .-• ......,, __ -··---, ·.·-•c•----••-----·· 
. . . 





























·- --- .. ---· --· -·---· __ .... -- .. 
·'·-- -.--;·· 












Fig .. - 3 
LJ_I 
,, •- ll' 































-. -. -; .· 























._.: .. ___ _ 
. ---- ··--. __ ,_. . . - -.· .. ,._, ·-
Equilibrium and ·_compatibility Conditions for Stiffener-To-Web June tion 
--- -·-- ---.---
' . •. 
·.r:.:.-~ .• '. ""· 
. ·. ------.- -- -
- ·--···-----·-·.---
-













.::.:_._ ·- ~··----r.·,-·-.,,,~~· ~.··-
...... ~ 
.,,.,r-~•·-"'"""-•--···-~ ----··-"·-•- .. -,.,-.~,o.-,.,.-, .. ~.,•,.,·• ' ' • ; •·· 
-. .......... -~--····· ... _ .... ; _____ _:__le··-~---·)·---(··· ·_.- -·_ 
-
----------











4 Equilibrium and Compatibility 
.for Flange-To-Web Junction 
----·· ........ ---·-' ' -·--··---~- .. _;; .. · _____ ,_ __ ,,. .. ·---·· -· - ·-·-



























0 0 I 
I 
0 0 I 
0 0 
0 0 





·,:Ftg·~':''5 ·. ·1.bcaft'.i."cl'h ·:of<,web · Deflection 
at Stiffener 
_ __;-__ . __ _ 
0 




__ ... __ . · __ . ---~~ ·-·~·-~~---... ~-:--... -.;;: 
,-1-_ 
.Measur~mettts. 




"-·•··~·-r•--,-- • • 
"· 
.. 
. . . ·-' . . . -.-- --· - . ----,-,,--- ,- ,-- -
··-·-· ·--, . _· .. ·· • .-.·'.·---.-.-·;-•- , ~.,_- .. ·.· -- .', ·----- • ·-c~ --·i_ • --. :---- ,, ·. "7"'<" ~ ----- =:.--.-.."'-"· _.,....,.........------,--_.., ___ ,..__, •--·-- • 
,----,----------~,----,-~--~';"""'----r_---,-~-. -.. · -~~-··-_ ---:---- ·- .------. _c _____ -- -
··,••-··-•, ·-·. -,··-~•·•-~r~. • ' .,...... -~-- • ·~r-: _ __:..__ _ _,. ·. ,_,., , ,_._ ___ ..,.... ___ -__, _ ___,.._,__,--,"T------...- •··-,. . .,...., . . . ":'"' . . • .. ,... .... _· -_,.;. ___ ,__..,.,...,,_.,,,_,_~ .. ,.. . ..,--~-.---·--c-·--, 
•. 
I 
-·-. ·-----· ... --.. , --.· ·--
.. 
· ·r 
·_. ____ ~----s---·. -... "< •• 
.. ·. :.,_ 
---- •-.- ... --~·-.~. --- --
--~----... 
---'.General · Me-thod 
• · MeCl;ured 
... -- ,- . 
I 




····- -·· ..... ·---~· ... · ___ . '.-··· •.· ---. · .. ·' ... · '.... . . ·-·-- .- . -· - ·-· -- . 
. ... - --~·-··- ,····-···~·-·---'-~---.-c··-c-·· . 
-1 '- -
.. cc~-~~-- - .. ··~· · .. -c·~ · -~-=· ,_,;.~.-···~·-·······~~.--?.;,., .. ~:;:.;, ... -···- __________ ....:___ ---:~.. ----._., .. ,.. E-o.. ==-· ~--~~=~-.. ---··-'·····-='---~=-;.; .. cc.c-c:::::c~-,~~=:--"" -----. --- ~--- --· -----------.-. --"·-- F='v ,.;;;, 
- 25 ( to the· dghO x = 93 (to the right}· · 
' . 
. ~ '. 
.. 
F:'"' 
··--·-, ... -···-··· 
. ··-·_X--




.. ' - .. ,.·.-·-, .--.· •····------·,-_, .... -..... 
• 
•. 
Ji . ~ -_ -==--=-- :.- .. _.,- ... -:-- . 7 •• 
Between Calculated and 
Stresses at Stif-fen.er 
Measured 
. ...... ____ ~ ·-···--- ... 
_. -,-,--.. --··· . .,......... .. ·--
.. 
. . 





:, ___ ..:.~, 
.. • .- .. 
::arm ~.-......i--e-' ____ -=· ·-=. = J_ .. 
















. -- __ :·_.~. 
~-:: -.--- •' ·. ·.- • ---.. ' ~· • • ·. -.. :·· . ·_. • • '' - • ~-~.--·-•a---•• • -·-.. -·- . -·--• • ~ .•. • --- ,' _. ... C 





··r·-:· •. ·-· ,___ . . -.- ---·-_.-----·-
.---.. --,._···---·~--.. ------- '_-,~·· ... ---/ .. -· -... -- ' - .. ' .. · ~~:·--- --,--·. .. . -···-' . . ·~-,.--.-----~ . - . -· ··-.. . . 
---~---~:r .. ~--:---.-.-.... --.. -~-:-.---·;:"7=.-·-.--·--:-~-~~------?~·--.--· -~·· 
•· 
t .• 
. . . . l . . •--.·-----,-r-- .. --,·-·· - .··-. ~- ':r; ___ . . ·_ r.··. _',-, ... ··_· .. ·._· .'· _-,--,--: _: -~.-.-'"-·..,..•·:,---~-··•· -----.. --. ' ... - - . . ..... ·. : . '.- -~ - _· :·-·. ··.·' ··-----·. ~· 
' .. 
' . - ~ ' .. 










---··"············------,-~ .. "~·e···~ -.,, .. cc, -_::..-..c..c.cc . ...:-_--,,_~~- - -Left~- Stiffene·r~''·"-~,,.-.,,.-- ~---
.. ·. . .. . - . . . . ' . 
- -------------~~--------------·--··- ·---.. ---- . ---- .· _.,_:_ _ __; . ..:...~.-----: -------·--·----·--·-·---:-- -· --·· 
r:--' -- ' -----·-,,.., 
·, ........ -.- .. 
--·-··-~- ------~----· 
. ~ . 
<'. 
.. --- .. ------ ·--- .·;-, 
- . ' - "•. '' , .. 
-.. ~ ........ 
___ ,.,,--... ---···--·· _. __ , ___ . ---~--~--_;_~--
I 
t..' ... (a) 5·· (bl 
·I' 
.. -...................... . 
Fi-g. 8 -Comparison. of General 
and •.b) B.C-.2 at 
Method. with 
Stiffener 
- .. ~ 
a) B·.C .1 
; 
. ··-. --· ---·· -----· .... -~- -··--·· ...... · . .. ·- --··---~-· -
·------ ·-- ··---···-··---· ·-----·-,···-------· -~-- ··--·-', ....._. -. r--··. .. .· 'r-:--, --~----•. _,. 
u u u u LJ 
~~,._,._.., ...... ,._ ., .... _. __ ~ .... ~ 
.. 
























Contparlson· of General Method-<wi-th 
------------ -_ -at·-Ho-rizon t a·1- ·s·t1::ffet1e f--- --- ------ ··- . . .·· --- . . . - 7 ~- - . ~t, ___ · . ----------'--·-·---~----- -
- ~-------.,,,,,,,,., ____ ,..........,.....,, - --__;e-_:_;;---'--_;..;c..'-,----'"-, ~. - ·-. .' ---- -··-·;,;.-···-~--~ .. ---···--·------·--- ·,-. ,__~:. _· ;._. 
. · 










._,..__,._. ___ --·· ·----.,.,··---~~~- .......... -,.. ..... -· -
--"·--- - _ ....... --~----- ·-- -··-~·----- -----------""~---·-
y 
-2 -3 s 0 0 Q 
.. 
o. 0 -\ 
- - . ----- ···------·- ·-- -- ·o---,_ __ ..:.___ '·-·: --~~---'-----'-,-----~~_,.=.,..,-=--~----------------~----· : . " . 
:Stiff e.ner 
.. 0 0 . .,. .•. ·, ·-.~-, ~ -
·o 
-•-~--- •-·---··-- -~•,_-,... ___ __,_, ___ ~-- :, • ,,· ·•- • 'u,--~ ·. ,·--:••.-.. : •• :. ___ ..... _., ____ •. :.:·=--~----·• .. _~·-·~-·---~-.-·~·--:--
-· 
--···--- -~.!. ••. : ... ¥ ·---- --·-· ·-·--~ ..... ---- .. -··--... ·- . ,·--.--,--.:.: . -+ ·- ··--.. 





7"' .... _-·-- - .. -_ . -_ • • ---·---- •. ----- • ---~~-~--·····--··------.... ·----.. --...,..-,----- •. ' ,: 






















· ..... ·. -,.--- .---·-
l 
·-
.. .-. -. .... . -. -. • .. ...c. ...... __ ,_~--
-. 
- . z··· --.-. _,_ -·-fe?:-=- - u 
---·,=.,. ..... --~~ =---... -
----~---_ ................. _ ... -· .. ---,. ,_._ -- ·--=--










··- •. r.-,·· 0. 
--~---:..~--------·-· . 
-46 
I I I I 
20· 40 
KS! 
- ___ - ·. ---- ,- _· -· ----· __ -. __ -.~. ___ '._ - ·- ··-- - ---"' .··---··- ··-- -._· - -- ·-··- --- -···-···· -·--------··· . - ·--- . -
. - - --.c.,, - . -.,.....,,. --~. : i-, ,-.--.-,.,." '-). C-o~pa:r~$on of General Method with -B.·C.l . i 
- -. 
and B.C .2 at Flange t. 
· .. · .... ·.·.- .-~ .· ·-~' __ ·_. __ .. ___ ·- .. --- _-.'. '• . .----· , '·~· . ,. . .. - ' -~- -···--··--- . - -. -- _- - - - • . . ~ - __ - _-~ -~ --- _.:o-o__.' •• 
/\ 
... _ 
.. \ .··.·~····· 
I. - ·. ' - . . . .. - . --·--~-------- ' ~---.. ;,,;.;:: .. ·-· •.. --- .. ·-· ·- ·-·-· 
-,-------·-·----.:·--·, -·--·.' ~--- ":. '7 
.. 1;- ---
l'· -. ~ '·• 
·-····-·· --· . ___:. ___ ~-------·-·-
... ·--~ _ _!'_:__-:_--· 
··:_, __ 
... 
·._ ... -· ., ,;_.;·· ,._ •: -~-,, ''J~ 
..... ...------- -·---· 
--~-~-. 
.,_ 
. --_ •·,.,. 






. . \ . ·;.-_;:;·~ 
.·/t/"·; 
·-tnlti:0·1· -~.~-·--· 
·:· ·., .. --'>. .. .... .,-: - •. - .... 
M'PL=R--
. ·U-
, ·. . . . . 
-··---~--· .. ~- . 
·--y·-·· .. ·:.:.------;-,~-----~-----~---------~---_. _-____ · _; .. _ . .-:· .-
-----~---·-. . . -
--. ____ .;_.,:: __ :~ ,--· -·.~----. --::-:--'----.-·---------.....----.-~---:-.---:---.--·--:::--.,----.·-~---·--Y" ---·----·---·~-·-- -,-- --~----.. 
·-··· ·.,,.. __ ,-____ . 










-·-·- ----~....:..~-~;;__- -· 
·0.1 0 0.l. -0.3 -02 
l·N. • 
Fl:O, x= 125 i·h. (b) 
12 Chang·e • I.n D-eformation Pattern -at 
• •< ! • I Zero 
• C 
:- •• ( •. I~. 
- - -- --- ..... ,..,.. 
---
--- -
_-0.1 o· 0.1 0.·3 
Girder U-G5o.3, -x=7in .. 
Load due to Maximum Past· Load· 
. . 
-~--···--· -·--·-·- .. 
... ,-·--· ·----· ---, .. _ .. ·-··- .. -·---~---
- . 
- ·----: ·--- . .. --:--:---· .. 
.. ·e- I"{ _i",:... ;" . ... - ' -- .. -·-
,r,-:-,;. -Ojih_ i..,_,c _ 
.. - - -~·-.6. CJ 
J 
~ ~! . '• ••• 
__ .,_ - -






. ,-.  
• 
.. 
l'.'5 () .. 
---~--o. _:. A·· ·-: __o· -· · "- >t' - • 
-~, . . - - -~- ·I ~: • -~ : . 
(·,K·) ,.,~ . ·. ' 
·roo 
::·0.'5·5<p: 
.. ; ·. - ----U 
--.---,-~ 
•. 
. ________________ _._ .~. ---~------ ----------.. -- - . ' - ·--




--·. ~ _-- -· .· -' 
- ·-~- -,· -:--" - ' -- •• i ....... ·, _____ _;. ,,.,,;_ ...... -.. -·- .-
.·-.· 
c-e./· First-·· Cycle 
Second Cycle 0 
U_G--4 •. 1 
x=·7a·". 
;II_· -.. 
'I = 38.25·'' 
--· 














, __ , __ .,:__~--___ :.~_--,.-+~-:-'--~.:.--~,.:: ____________ :-·-··: --~-"~:---:_.~---~---.c_ __ 
--··-·----------------'··- . · .. _......,...,,..,_. ------'"---
'-·-•--,-:--.,~ • •• • · '. ' --•' ' ~ • • OU~R• ,-007~ ..... ,- ... , .. ~'"':;,;~----, --.·· -: ·-· _' • . .-•... - . • . 
5·0 
8,t215Pu 




0.1 0.2 0.4 
,----!.---, 
-DEFLECTION (_IN~)--· - . - '-'·t -
. 
.... 







,-~. ;• . 
.. 
.... · ..... 
.::.-.' - .-· •. _ .. ____ ._ .•.•• :...1..-__ _ 
. . - . a . . 









-· ·--'--~~·· ·_ - . - :'l,= - -- . ' -. -.-. - . . 
... 
•. 






. . - ' . 
-~-----·-·- _· -- - ., ~· ...... -~_· - . _-.--.:._-:_.-·~-~-~- .. ~-,- ' 
;• 
.. --~-: 
;~::-- .. ___ ,~- -":-----~ .. '. _··· - ,.- . -----...;;;:;;-;;::~ . . --- .,_ ... ~ .. ~-~. -~--~--~----. -··-----. -__ - . ' .. 






































































- - .:JU 
. - :1 
. ' .. -11· 














I i I 
I 





. t, '. 
~ ! . . ' . 
I 
I 




I ~ ; • 
·~· .. ~ :_r;;-.. ··-~\o·_·:·__ _· __ ··~-
_:1-t~1 
- . (- c; 
~-
__ ·-.2ef•a:····-·. 




























. ' l' I 
• r ,. I 
I / 





















. ,• ~''"-"' ...... ~,...,. -"~ -~ ... _ . - -,,.,... ... 
! ' 
. '. ·-
. .,.,.. .. 
3? 
· .. ·_~1.:_: __ -
_ .... a·a 
- ' ! 
Def lee t:.ion 

















































































·., ;. '. 
,, 
.. •. . 




. •1 .· 
: i . i 





·l 1.. . 
: ·+ i 
.,... 1-?; 'I . : 
. \.,.: '/: ll. 








·o :t_11 ' __ ·. u ... :¥_·::._ -,r i ID i· 1 • o• . u . 1· 
i . 
. i j . 
i 
. ' 
..... ; .. 4 
0 If: :_ ·1 ;, ! ,, . . . i 




I : ! I i . -. • . • . ' . 'i' '. I . . . . '• . ! 
·· I : 1 ·; .. ·:.' ·1.- r ·-.. ~---.. · · 
, • ... .. . .. . • it) , .. 1.· ..: ... : •. . . , . , .. , ...... i , .... , .. ,·-··-· • .. • . •,.. • ,; • ,.,- '-·• '• '-'· .. . ·- •· . . . I . i . . . - .. -· ·······-. . . ... -----··-··---·····-- .. . ···, 
I.. i
1






_·.g: ... _ ....... :.• . '·t·,-'_.•·_: ... ·l.· s_. ·1 Co ... n .. ·-~·,.·our Plot of ~ter~{1·:·~4
-.·~_akb· .. :·--~L·oe-
8




il c:,f Panel tiG 5.3 . / 
\ ·. 
I · Subjected to u ,, ,. O.f P<) · ·, . 
" I ·· · .•..... 1 •. _.····>u. , 
·- .. '--T- ··r f I ; l . ···· 1 : . . . . ::.. ...... . r '--. ' ,,.p.... - . - •. .. . . ·' . . ··-"-- ... ·.. . I_ 
/ .. 1l 'J i' : · .. , 














" . I 
. ·1 
.·.· ·. ·._/ ./: __ ·.• 
i' : 
.'f /\ 
. . j,:. ··1.: 
I ! { p 
. l !i 
.. I.(: I . 1) 
L,, 
-· r ·t 





·. ·._.··· .. _ •.. -... 
!J 




·. ·.1 ·f_.· . ·ii·:_;; .. ·• 
. : : \: 
. j'.· 

















. ' . ' . 
. . . 
- .. ~-




. \ . 
(-. 
' 
' .. : 
;1± .... ~ 
'·· 
i 





· 1- ! 
. . . 
. : : ,. 
. ,·! · .. ' . 
' . 
• . ' , : • '- I ~ 
1 
', . j ·. 
. I . 
i 
















11 !: :i ,, 
I i 
j/ ~ /l I t 
































































... ,. ; ......... .. 
' .. 
:.1 
~ i i 























·. . I I 
~II 
.1···Y1y/ 
. . I 
• I 


















II ! 1 · . 
I . 



























Ftrange i I· l I -11111!-ma::, . . I . . . 
· · ·. · i I · 
·Loading ( K~... . 











,. I '. 
. . I : 




' : \ .' . : l
~~~i-~i! 
·.i i~•l 
! i I· 
11 i 
I I ' 
i ' ' ! ; + ,.~ --~··:-·~.r·.-~ ... 




-1 . I 
I ! 
I t k: .. 
I : 























·, II ' 
· ""'· ,._4. r :·.~ •.: ·1 · 
.;_t·· • •. 1 ..... ·'-· ........ · • · .... _ ·-:-·- •.• l .-, ••• 














I ! . 
·('4· .. i 
· ... · .. ·.··y·: 





























·. <-.11 o .to$ .-a·o-> 
16 
( c·) 
-·--·--..... -.. -._. ......... ·-··. ··-------.· .... · ·,·-·-' -- · .. ·-.--····.4-.. .-... · ..... 


























': ''; -· 





~· -.-:. ~-- ., 
• . . 
.. 
.... ···-~-:.., .. .: ..... :. -- ·.• .-, : .;,.· ... : ... .' 




-. ··. . . - UG5~·.5 UG5.5 
.··. -·2,:e>-·· o··.· < . ·, ... '~t ' ,' 
. : : . . ~·· ·, -... : ; 
:o: _~-3' .11 X·- ·. . - .· . . . . . 
. ..... . . .... 
_:·_y=-:15:7.P ··· 
..... 
. X·g 3. . . 
.. ·. ·y=22.75"··· 
UG ... 5·.' -2·. >:_:.- · ' .· - . -: .. 
·11 
x=25 
. . BB . 
Y= 4. 2·· ... B:.:_.· .·· .. : .. •. ;µ,,.::. '·L.Q.AD· 
0 0 
100 








·- ·. :;_· .. 
. ·-~-:-~~--0EF--t; Ee-T-1-eN--.. · · ··.· 
------: ... --- - --------- .-~ .. - .. -- . . ---·--·,-· .. 
• !_· ":'_ .... 
:: .. " -
;. 
I'· 
. ' . 
. :·()~05:·,·· .. 0.1· 





: .< ~ . •'. . . . . -. - -·-···-- ~ 
> '{- , ----.-.--_.-·-.:-.. ~~---.-... -. -----~---:--. -------.----·--. ---.--------·---:---·-__.. .. _ .... ---·-·---- - •.. - ·. ·.~... .· -_ "; . _._ F\ 
· . ·-· ··-·· .. ··- .. __________ ... '"-~------~---:_.c ...... ~. · .. · ·F.:i.g:.~·-1s~-·-·-··unto·a·dtng· Portion ··of··-toad .... De:flec"tion~--~·ltlt'!r·---~-· .. ~-;_c.~·. ~-.:...~-~--\.:~: ..... ~~~-.. ~-~----~-- .. ·-~: 
----- -----=----· 
- ··.-·-··-,- .... --. ~-·-
. ' .. - ' ... - ...... - . . 
- -- ---------.--- .------------· -
0 ••• •• '··- "" '·· • --- • " • -- -·· -- - • • - ' -,-•. • • • • •• •• " ......... -- • •• •• •• __ • ______ ··--····· -. ·------··· ••••• ·• • • .,. ( ----- -- •• •,- -- • • 1i1 
of some· Points on the Web ; · if 
-... -. -.-.-~----, 
. . . '• ,: (';; 
---.-·--· -----~--- .~ ._ ·- ~ lf·; . e 
It 
F ,., 




_._ ....... '----,-_, .... --···-- ·.·:·:,-· :~ ·: . · . . ..·--· :· .· :· · ... ' .... < , - : ~fj·0-• ·- · · .. ___, -... : --··-. ;_. · :-:--~~--c~: · .. · · . ·- : · ...... _ .. _ .. : ··.· .. · . ' .. 
1 _____ ......;._ ·- , _____ :·. 
·:', .. ,. ... .. - -
····· .-.... -.-·---. ·.,- --~----· 
I 
I 
.:......: ___ ·-~~--· -~~ -~----~....__.. ... ·., -~-.... ,·· - ~~--;\ · ... : ... -----~--...................... ~.-~ - ·."" .--.....~-~ -. ·~"~- _···>--...__--~- . .:_~----.- --.. -· - ---·. . -.. ...:.:.,.,.. ·- . . -~--.. .._ ......... ·.- . ·.- . ~ ~--·--·_.::-· .. -·~------~.--_·· .---~-;· ... ~ -_ .. . r 
- . . ' ..-..c. ;~"""'•"", - .. '~"'*' . .., _ .. r:-"'-~~-. ~--..,;-; : .. _ -· - .- . ·;_ --··- .. -•-••'-··---· ·•·• ····--· .. ·••• - ·--"• ... ...-. ___ ,,__.,. -·-'-- •-" _ _:....:.,,_ _____ --·.-----~----''-·-~-';.-.. __ -"··.:. '.,.. .··-·---.....:·:···';'... .. -c----·--·--~- . ." __ ,- . ..,_. _____ ..,_, __ _- :. , .. --·-··. - .~ ... ·• ····-· ...... ._ ~ . -_, ___,.. , •. •-· • , '· ---• -·-···-··•··· • ···--'.·· ~ 
. . ~--------------·---
":'. 
······--·-·- ··- __ ..... --- ·· .. -------~-----···,-·-.··.· 
_ ... -.-
--"--~......--' r.' ·. --- ·, ·· ....... · ,. , .• ·•· .... c . 
. ., .. 
·.---,---:). 
. -.· . 









. ·- .-. '· -.- -
,· 
.. -·--------·------·--.----··----' . .-------. ~-- • , ~ ----, . . -. -:.. • .- .... ,.:r..:.. ;.- .. -. ,,:~_._ •. ;_ •. •'•. , .... ,..:- ·, .. - --- ,.,_'.:.:: ':-- ,.-.. :.:, .~,', ;: _,. - :']) .: '' .·:_; ... , ... ' 
··-
--~-~-'---= ..... --=~~---~-.-3 - ::obcJ 6--:-.-.-....... -,-.. •.. :L~-- -~-
.. 
:~-·.:..··:.,::._._._·:~ ·-_:··.-:-:~5-1-d Qi 4 Df&.Jsm--:.;;,..:_(·=::....--;:;:..::....-~:-·· --~-:;2; .... ;::.:,__d'.'C::r._~~----..,...---~·-.-
I •• 
• 
.. -·--- --·- --- -~·"" .. -- ·-·.' -· .. 
.. 
. 
. ·', --· - ·-·-
• .1.'" 
-53 -- --~· '..----··-···- -- -
. · ... 
-
:~ ... :-~. ~:-~ •• ~'I:-'::' . . :, ... ~·. -"-~- -.--~~~~- _: .-:~~~· . ~::: : ·•· : ·_ .·~- .· B.EFEB.ENCES:~-~.:;.,S ___ c~~~·~ .· .. ~-- ._c .. ·,~-'-·-c,c·~,--·c;-'-c,-~···0--
,·"•'• 
----· 1 __ .• ' 
r -·· 
•J 
.: - . . 
..,_ 
. 1 . . Mue.1.ler, .J. A . . and YErn, .Bo To ;,.. . 





· .·2·. P~i:tterson., F:· ... Joj, ·Cor.ra·d'o,.J .. ··A., Huangj J. So·, .and Yen, B. T. 
. · _PROOF =·TESTS · OF TWO SLE·NDER-=WEB WELDED PLATE GIRDERS, · Frit:z .. tngine.ering· :Laborato·ry Report No. 327 .7, Leh:igh· · 
. Univer·sity~ May 1969 .. 
·• · · > 3 .. · ... Yen, B·;;· T. -~nd. Miie!Ie:r~;-J~- A·. .· . . . . . 
. FATIGUE. TESTS· OF ·LARGE-SIZE WEIDED PLATE GIRDERS, Bu.lletin · . No: •. 118 ~ Welding Research Cou·ncil, New. York,: November .196.6. · 
.·.·. 4 .. · ·'Yi~h,.· ·-J •.. and· .. Toprac,· A .. ·:A. · 
. 
. . . -S.muDY ON FA.TI.GUE :·OF HYBRill. PLATE GIRDERS UNDER CONS~.ANII' . · ·-----~- -- ~-~-~- ---, -
_ MOle1ENT., Research :Rep.ort No.: 96-3, ·To·e University of .Tex_ais,: 
· ·. January .1969 G . 
·._'_:: · '. ~. 5 ~_. ·· >t;oodpa·:sture ~ DO W.. and· ~~~~1 lmeyer, J. E. . . ... . . . .· . . .. 
. . -... ·.: ·. . FATIGUE OF :THIN;;,,WEB STEEL GIRDERS; U11ive1·-sify·o-£ ···Illinois,.· 
~pril .1·966 . (Status Report .. to·. the Fatigue Committee of ·the· · · ··· 
.. 
. . . 
• ·• .... _ .•.. '!> _' 
-· . ' 
. :';.,,._, -,; :· .. , 
We l d-i ng~ .. ·Res e arch . C OU nc i 1 ) . ·. --- _____ .. __ --~o,~···=~;.~=,·~--,;~"-c--~,,~,~--·cc'C'·==~·~~~--1,~~:C~;=s=~~--ct~,:~=~:,,,. :-,==-~·=-· -~--~ ..... -,..-.;,-~··"·_-,:._., __ '.,_;__.;:.~ _ __:. ___ -:-··-: ··;,;-· -·~~~-~,~~~~"·~,-~-&~-~~ -~~~~~~~---~r~~~--~:-·· --· -,- . -.----.-~-- -·-··· ------ • --- --
. · · · . . . ~- STATIC .TESTS ·ON UNSYMMETTRICAL PLATE GIRDERS ~~- MA.IN TEST. SERIES~ Fr.it_z Eng ineeritig La~orat·ory Report No .• , 328·. 6,. 
· Lehigh lln:iver·sitY»· · September 1968·.··· ·· ... · 
·1. ·-,Timo-shenkol). S. P. and WolnowskyaKrieger ;·-S.:· . . 
. · · _ . 
· . : THEORY .. OF· PLATES AND SHELLS j .. · ~ec ond Edi ti on, : McGraw:•H:~tl .. ~· 
.. ' -. ; .. Book Company, New, York, ·1959. 
. . . - . ' . . . 
.. -~ ; . . --- .. ·,·: .' . 
.·.·.• • ~8~· ·,':G~1lambo,s · To . V •.. , 
· · 
- -- -- .. - · -. · .- sTRucIDRAL MEMBER AND FRAMES, Pren!ice-'11'11-1,> Englewood < - / < 
_' __ ·. __ .·• __ · ___ :. -~----
--- -·-- ·-· -'· ·--------- --·-
.·._Cliffs,. New Jersey, 1968 .. ·.·. 
. 
. 
' .- ·-· 





... - .. . :-. . .... ~ . . 
-·· 
... ~ .. --·· : ... - . 
-~ ----- . : - ' -
-;':•"'' ·-·,·: •,.,·•=<•"•"' '" • :·: ,•" •<• ---
- LO •' • 
. . .· 
. . . 
: ... , .. \·:_·_ ,·,-... ·:' _· ... - .-...... ,.~- ... : ... .,--,. '·-~-·· .. -· · .. _: •... ____ ._ 
., . ·-·----·---·--------·~·- - ·-------~ .. · -----~· I:.. _• __ __,__ ____ ~----~ -_ -~--~ .. --~ - ~- --~ ,, .• .'--:--:~::-:· ---~-. 
--~ ... - --·------- --- .. -- . --
. - ----·-·. - .. 
.·'. :._-::--:_.·::--,.. ... · .... -... --- . ' 
. . 
. 
. ~- ' . -. . . . - . - . ' . . . - --- - - --- ---- ------ - -· -·.::::.·· - .: __ . _....:.-::..;::. .... ::....:--:-=-~;....:.,.:::::.~~7"~·:,,-/'·-.-··· .. 
~--...,_ ~ .: _-::-.-_ ·- ..__:>::~-~~:-~ ·_ -~-~'."'-?°~~~•.:~.:~:::ce .. ~_...:...:;!'-:;=:::-:_..:._ __ -:_--;-,.. -.- _- :.>~-~.·--.--:_:-,--,-_.""'-~":":'.~: ~:_:~:·'·::_·-~ .. -·---·---- - ·----·-· ~,- -- --- ------- ·---,-,-,--_---~- .-~--- ,. --· ----+ ----:----·-···---,·•··-\,'--'--. --~ ,' .· • .. · ~ ... " . ··. -: . . '"" .. ·····--~···---· 
c .. ·-·---····~c-.c .. ~--c 
................... ·-·------·- . . .. . :::=.:.::::~:----"".::·c:::::::::::::-::::::: ::.:.==~.---~ . -··- ·"·· :'" _ ... ··--:' -"··· .. ··-·· ·--··-·--··-
. _·_ .. ·: · __ · ·_ . --~ ____ __:-___ . 
•-•'·"--1·--·----
,. - . 




.... -· --- --· ......... ----· -,--·----< ···------.·····-----· ... ~- ----------· ·-·· .. 
. ·: ___ . ___ ,: .. · - ---- -: ,; .... _ .. --·- --· ... 
. . . ; . . '~-
- ··. . . . . . . 
. ,;.....:.,;..:::.· 
.: ;~ -. ··-.-_. ·. 
.. ' '' . 
·. \ .. :_- .. 
. .. : i ; ' 
. s. 
. ,.;y • 
. .. ,-.•.. 
- . . ... 
• 111: -·-- ~·, 
f :-~ -, . :, . : _. ·.' .. 





. I . 
. . ·. 
.,____ ----~. 




























---- ~ -~------:..~ .. - -_, ___ .., .. ---~ 
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·' Iran· .as ·the·· second ·child of Aliµiohammad :and Badrc,zzaman Pars,anejad~ 
- -· 
- -
·ae .. O,i·s· married:·'.to. Fatt_aneh .. (R.e:z~an). ancf~lia·s, on_~ .-~~il.~~ .-A~~-~ 
'. ',, ·' 
• 
- .• · . C 
He rec.eived his high school diploma from -Hada£ High -School 
. -_· i.n ·-Iran .a-nd ·. afterwards· -studied architecture· .. for- th.tee·· yea~s-- at 
,U11iversi_ty_ of Teh:ra~, .· Ir,n. 
· February to/._Septetnb·er · 1968, · he. w9;ked · a,s·- a jun.ior · struc.tu.r.al designer 
for· Modu.lux Inc. ,- N.ewark,. · Cal .. i·f orni·a. · . . ' ' 
Departme·n·t o.f .Civll·. Engineering_; ·Lehigh University ·p·er·suing. a. Ma-~t:e_~ ·· :. · .. _ ~---~~~--~~--:=~:_·"·--- . . -, . . - -- ·' . .. . 
-
. ·;'·-... -- .. ,--·--:--·; 
. . 
-- -·-· .---···--· ~ -'-,-->Qf:-~:sc:i-ence·_begree and worked .. as' a half-·ttme res:earch assi.s.ta:nt. in ' 
_F;ri~z. Enginee_r_ing Laboratory. 
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